Introduction
The nose is the most prominent central part of the face, and fracture of the nasal bone is the most common type of facial fracture. 1 Many articles have provided information on the efficiency of several radiological tools for diagnosing nasal bone fractures (NBFs); however, few studies have presented a systematic review. Becker reported that plain film (PF) radiographs revealed definite fractures in 53% of the cases included in that study. 2 The reliability of PF radiographs for diagnosing NBFs was found to be 82% in our previous study. 1 The aim of this study was to compare the diagnostic performance (accuracy, sensitivity, specificity, positive predictive value [PPV] , and negative predictive value [NPV]) of PF, ultrasonography (USG), and computed tomography (CT) in diagnosing NBFs.
Materials and Methods
In a search of PubMed and Scopus, the search terms "nasal bone fracture" AND "X-ray OR CT OR USG OR MRI" were used. Studies that did not discuss the radiological diagnosis of NBFs were excluded. No restrictions on language or publication form were imposed. All articles were read by 2 independent reviewers who extracted the data. The data were summarized. A statistical analysis was performed using SPSS 19.0 (IBM Corp, Armonk, New York).
Among the 748 titles (369 titles from PubMed and 379 titles from Scopus), 257 duplicate titles were excluded and 491 titles were reviewed. Among the 491 remaining titles, 434 were excluded, resulting in 57 abstracts that met our inclusion criteria ("nasal bone fracture" and "radiological diagnosis" appeared in the title). Studies that did not allow an evaluation of NBFs and the diagnosis thereof were excluded. Based on these exclusion criteria, 21 abstracts were excluded and 36 full articles providing data on NBF, and diagnosis rates were reviewed. In addition to these 36 articles, 1 externally identified article was added, resulting in 37 articles. Of those 37 articles, 21 were excluded because they did not have quantitative values (11 studies), were not relevant (5 studies), or were not original articles (5 studies). Thus, 16 articles were reviewed ( Figure 1) . [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] We followed "Preferred Reporting Items for Systematic Reviews and Meta-Analyses " guidelines in this study. 19 
Results
A total of 4628 cases of NBFs from 16 articles were analyzed. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] For the diagnosis of NBFs, PF (n ¼ 2020, 43.6%), USG (n ¼ 1480, 40.0%), and CT (n ¼ 1128, 14.4%) were used ( Table 1) .
Accuracy
The accuracy of CT (94.4% + 2.3%) was the highest among the 3 methods, followed by USG (85.0% + 3.6%) and PF (67.7% +4.7%). Figure 2 ). In PF, a lateral view with the Water's view (71.8% + 4.5%) had the highest accuracy, followed by the lateral view alone (62.4% + 4.8%) and the Water's view alone (61.0% + 4.9%). Figure 3 ). In USG, lateral and dorsal views (LD) had the highest accuracy (95.8% + 2.0%), followed by a lateral view alone (L, 84.2% + 3.7%) and a dorsal view alone (D, 84.2% + 3.6%). However, there was no significant difference among them (P ¼ .300 [ANOVA, Scheffe method]; Table 6 , Figure 4 ).
Sensitivity
The sensitivity of CT (89.3% + 3.1%) was the highest among the 3 methods, followed by USG (87.2% + 3.3%) and PF (64.9% +4.8%). Computed tomography and USG had higher sensitivity than PF (P < .001 and P < .001, respectively [ANOVA, Scheffe method]). However, there was no significant difference between USG and CT (P ¼ .492 [ANOVA, Scheffe method]; Tables 2-4, Figure 2) .
In PF, a lateral view with the Water's view (72.4% + 4.5%) had the highest sensitivity, followed by a lateral view alone (58.3% + 4.9%) and the Water's view alone (51.0% + 5.0%). A lateral view with the Water's view had significantly higher sensitivity than a lateral view alone (P < .001 [ANOVA, Scheffe method]). A lateral view had significantly higher sensitivity than the Water's view (P < .001 [ANOVA, Scheffe method]; Table 5, Figure 3) .
In USG, LD had the highest sensitivity (95.0% + 2.2%), followed by D (84.6% + 3.6%) and L (82.5% + 3.8%). However, there was no significant difference among them (P ¼ .114 [ANOVA, Scheffe method]; Table 6, Figure 4 ).
Specificity
The specificity of CT (94.2% + 2.3%) was highest among the 3 methods, followed by USG (87.4% + 3.3%) and PF (67.8% + 4.7%). Computed tomography had significantly higher specificity than USG (P ¼ .001 [ANOVA, Scheffe method]). Ultrasonography had significantly higher specificity than PF (P < .001 [ANOVA, Scheffe method]; Tables 2-4, Figure 2 Figure 3) . In USG, LD (100.0%) had significantly higher specificity than L (80.1% + 4.0%; P ¼ .006 [ANOVA, Scheffe method]). Table  6 , Figure 4 ).
Positive Predictive Value
The PPVs of USG (92.0% + 2.7%) and CT (89.3% + 3.1%) were higher than the PPV of PF (82.1% + 3.8%; P < .001 and P ¼ .004, respectively [ANOVA, Scheffe method]). However, there was no significant difference between USG and CT (P ¼ .4724 [ANOVA, Scheffe method], Tables 2-4, Figure 2 ). In PF, a lateral view with the Water's view (87.8% + 3.3%) had a higher PPV than a lateral view alone (78.4% + 4.1%; P ¼ .006 [ANOVA, Scheffe method]). However, there was no significant difference between a lateral view with the Water's view and the Water's view alone (79.3% + 4.1%; P ¼ .058 [ANOVA, Scheffe method]), or between the Water's view alone and a lateral view alone (P ¼ .968 [ANOVA, Scheffe method]; Table 5, Figure 3) . In USG, LD (100.0%) and D (96.1% + 1.9%) had higher PPVs than L (85.7% + 3.5%; P ¼ .012 and P < .001, respectively [ANOVA, Scheffe method]). However, there was no significant difference between LD and D (P ¼ .725 [ANOVA, Scheffe method]; Table 6 , Figure 4) .
Negative Predictive Value
The NPVs of USG (84.4% + 3.6%) and CT (82.0% + 3.9%) were higher than the NPV of PF (51.7% + 5.0%; P < .001 and P < .001, respectively [ANOVA, Scheffe method]). However, there was no significant difference between USG and CT (P ¼ .856 [ANOVA, Scheffe method]; Tables 2-4, Figure 2 ).
In PF, the Water's view (64.3% + 4.8%) had a higher NPV than a lateral view (46.6% + 5.0%), and a lateral view with the Water's view (45.5% + 58.0%; P < .001 and P < .001, respectively [ANOVA, Scheffe method]). However, there was no significant difference between a lateral view alone and a lateral view with the Water's view (P ¼ .958 [ANOVA, Scheffe method]; Table 5 , Figure 3) .
In USG, LD (95.0% + 2.2%) and D (86.6% + 3.4%) had higher NPVs than L (75.0% + 4.3%; P ¼ .010 and P < .007, respectively [ANOVA, Scheffe method]). However, there was no significant difference between LD and D (P ¼ .466 [ANOVA, Scheffe method]; Table 6, Figure 4 ).
Discussion
The accuracy of CT (94.4% + 2.3%) was significantly higher (P < .001) than that of USG (85.0% + 3.6%). The accuracy of USG was significantly higher (P < .001) than that of PF (67.7% + 4.7%; Tables 2-4, Figure 2 ). Computed tomography (89.3% + 3.1%) and USG (87.2% + 3.3%) had significantly higher sensitivity than PF (P < .001 and P < .001, respectively). However, there was no significant difference between USG and CT (P ¼ .492; Tables 2-4, Figure 2 ). The specificity of CT (94.2% + 2.3%) was significantly higher (P ¼ .001) than that of USG (87.4% + 3.3%). The specificity of USG was significantly higher (P < .001) than that of PF (67.8% + 4.7%; Tables 2-4, Figure 2) .
It is thought PF should be the first diagnostic tool for detecting an NBF. Ultrasonography or CT can confirm the diagnosis. In performing the reduction of the NBF, CT can serve as a precise map for the surgeons. For PF, combining a lateral view and the Water's view (71.8% + 4.5%) had significantly higher accuracy than a lateral view alone (62.4% + 4.8%) or the Water's view alone (61.0% + 4.9%; Table 5, Figure 3) . The combination of a lateral view and the Water's view (72.4% + 4.5%) likewise had significantly higher sensitivity than a lateral view alone (58.3% + 4.9%) or the Water's view alone (51.1% + 5.0%; Table 5 , Figure 3) . Thus, a combination of a lateral view and the Water's view is recommended in patients in whom an NBF is suspected.
In USG, there was no significant difference (P ¼ .300) in the accuracy among LD (95.8% + 2.0%), L (84.2% + 3.7%), and D (84.2% + 3.6%; Table 6, Figure 4 ). There was also no significant difference (P ¼ .300) in sensitivity among LD (95.0% + 2.2%), L (82.5% + 3.8%), and D (84.6% + 3.6%; Table 6, Figure 4) . It is thought that any view will do well when using USG for detecting an NBF.
We compared the diagnostic performance (accuracy, sensitivity, specificity, PPV, and NPV) of each method (PF, USG, and CT) for NBFs. The results of this review may be helpful in choosing the most appropriate diagnostic tool in patients suspected to have an NBF.
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